Background: With rising participation in youth sports such as baseball, proximal humeral epiphysiolysis, or Little League shoulder (LLS), is being seen with increasing frequency. However, there remains a paucity of literature regarding the causes, natural history, or treatment outcomes of LLS.
Little League shoulder (LLS) is an overuse condition that affects the proximal humeral physis of the throwing arm of skeletally immature youth baseball pitchers. First described in a case report 16 in 1953, with more sophisticated descriptions emerging over the subsequent 2 decades, 1, 12, [46] [47] [48] LLS has variably been referred to as an ''epiphysiolysis,'' ''epiphysitis,'' ''osteochondrosis,'' ''apophysitis,'' or ''stress fracture'' of the proximal humerus. The condition stems from chronic repetitive microtraumatic shear, torque, or traction forces imposed on the unossified cartilage of the proximal humeral physis in the growing arm. 2, 3, 17, 22 Whereas our understanding of the pathophysiology of the adult throwing shoulder has advanced considerably over the past 2 decades, [2] [3] [4] [8] [9] [10] [11] 17, 21, 22, 40 the precise pathophysiology of LLS has remained relatively understudied since the original describers of LLS concluded that it was a ''stress fracture'' of the epiphyseal plate. However, studies have described the condition specifically in youth baseball players who pitch or throw with great frequency. The site that is most vulnerable to these excessive forces in the skeletally immature thrower's shoulder is the proximal humeral physis. In contrast, shoulder injuries in adult throwers are more closely centered on the shoulder joint itself, with focal sites of internal impingement in the posterosuperior glenoid and labrum, the posterosuperior humeral head, and the underside of the supraspinatus and infraspinatus.
Affected patients typically have diffuse shoulder or upper arm pain with throwing. In its more advanced stages, LLS may cause pain with activities of daily life, even at rest. Classic plain radiographic findings include physeal widening, increased sclerosis, demineralization/lucency, metaphyseal calcification, or fragmentation adjacent to the physis (Figure 1 ). 5, 20, 35, 37, 44 Because these findings tend to be most clearly identifiable in the anterolateral zone of the physis, external rotation views of the shoulder and contralateral comparison radiographs are recommended to help facilitate the diagnosis.
Unlike adult throwing injuries which often require surgical intervention, LLS is almost universally treated with simple rest, 4, 7, 46 physical therapy, and/or programs to improve strength and throwing mechanics, although there is limited published literature regarding the optimal rehabilitation approach for this population. While potential complications, such as premature physeal closure and physeal fracture extending into the metaphysis, have been reported in association with LLS, 15, 31 these are considered extremely rare. Ultimately, young throwers will ''outgrow'' the self-limiting condition spontaneously with normal physeal closure. However, waxing or waning symptoms or recurrence of LLS during the preadolescent or adolescent years may considerably limit a young thrower's participation in competition or overall activity level. Notably, the frequency of such recurrences has not been well documented in prior studies.
With rising participation and increased intensity in youth sports such as baseball, authors have suggested that LLS is being seen with growing frequency. 36 However, there remains a paucity of literature regarding the causes or outcomes of LLS. The purpose of the current study was to investigate a large cohort of young athletes diagnosed with LLS to characterize the demographics, presenting symptoms, diagnostic approach, treatment outcomes, and identifiable risk factors for the development and recurrence of the condition.
METHODS
Following study approval by the Committee on Clinical Investigation of the hospital institutional review board, a departmental electronic medical records database at a highvolume regional children's hospital was queried to retrospectively identify cases of patients diagnosed with LLS from January 1, 1999, through June 1, 2013. Inclusion criteria consisted of patients with open physes, a physician's final or definitive diagnosis of LLS, and/or radiologic evidence of proximal humeral epiphysiolysis. Because the diagnosis of LLS at an early stage of the condition may be based on the clinical presentation and physical examination without radiographic findings, definitive radiographic evidence of the condition was not required for inclusion. The decision regarding this feature of the inclusion/exclusion criteria was formulated per an interactive consensus-building approach by the 5 senior authors, all of whom are clinicians with experience in the diagnosis and treatment of the condition. Patients were excluded if their records, upon additional chart review and radiologic review by one of the senior authors, suggested that (1) the ultimate diagnosis of shoulder pain was not clearly consistent with LLS or (2) they had achieved physeal closure at the time of initial assessment.
Outpatient clinic notes, radiologic images, and official radiologic readings were reviewed to analyze study variables. Per institutional standards, all clinic notes had been reviewed and approved by a fellowship-trained attending physician or attending surgeon within the Department of Orthopaedic Surgery and/or Division of Sports Medicine. Patients identified through chart review were further categorized into those with and without identified glenohumeral internal rotation deficits (GIRDs), based on the physician's described clinical comparison of rotational arc of motion to the contralateral arm-with a 10°decrease in the arc of motion on the affected arm being deemed positive, as described by Burkhart et al 9 -and/or a recorded diagnosis of GIRD within the patient's medical record. For all cases of GIRD without documented values for internal or external rotation performed at 90°of abduction, communication was pursued with the supervising attending physician for the clinic visit to confirm consistency in the use of the above working definition of GIRD utilized by that physician at the time of the clinic visit.
Demographic information was collected, including age, sex, hand dominance, and sports/positions played. Concurrent injuries, treatment details, and instances of recurrence were also recorded and analyzed. Recurrence was defined as a return of LLS symptoms .2 weeks after symptom resolution, with some period of symptom-free throwing after primary treatment. The numbers of radiographic and magnetic resonance imaging (MRI) studies performed on the study population were recorded and the findings detailed according to the radiologist, attending physician, and/or one of the senior authors when radiologic reports were not available in the records. No computed tomography scans were performed on the study population, and there were no documented requests for humeral version assessment on MRI.
Statistical analysis consisted of basic descriptive statistical calculations (mean, standard deviation, range) for sex, age, height, weight, and sports/positions played. Recurrent cases of LLS were analyzed, and odds ratios were calculated for potential risk factors for recurrence, including signs and symptoms, comorbidities, timing of diagnostic interventions, follow-up duration, and the duration between diagnosis and return to play. Fisher exact tests were performed to determine whether there were significant differences in recurrence between subjects who had positive versus absent radiographic findings of LLS and between subjects who were or were not prescribed physical therapy. Independent samples t tests were used to determine whether there were significant differences between time to symptom resolution and time to return to play between subjects who had positive versus absent radiographic findings of LLS and between subjects who were and were not prescribed physical therapy.
To determine if there was a true increasing trend in the presentation of LLS, a methodology was developed to distinguish true increasing incidence from increased cases secondary to institutional or programmatic growth or geographic clinic expansion. For each of the 3-year periods over the study period, an ''incidence rate'' of the number of cases of LLS divided by the overall volume of all visits for any diagnosis in the orthopaedic department and sports medicine division clinics in which the LLS cases were diagnosed. These volume data were collapsed into 3-year increments for ease of analysis and graphic presentation. To eliminate potential annual volume fluctuations or pitches, the log transformation of the 3-year incidence rates was analyzed for trend according to ordinary least squares regression analysis. The annual percentage change was estimated along with a 95% confidence interval.
RESULTS
A total of 95 patients (93 males, 98%) with a mean age of 13.1 years (range, 8-16 years) were included in the study population. The distribution of patients according to age is detailed in Figure 2 . Approximately 50% of all patients were either 12 years old (n = 20, 21%) or 13 years old (n = 28, 29%). The distribution according to year of diagnoses is detailed in Figure  3 . There was a significant increasing trend in the presentation of patients diagnosed with LLS over the past 14 years (P = .02). It was found that incidence of LLS-which is a reflection of the volume of LLS relative to overall departmental and divisional patient volume-increased approximately 8% per year on average (annual percentage change = 8.5; 95% CI: 5.5-11.6) ( Figure 4 ). AJSM Vol. 44, No. 6, 2016 Presentation, Management, and Outcomes of Little League Shoulder 1433
After the patients' primary sports activities were analyzed, 92 patients (97%) were found to be baseball players, 79 (86%) of whom were pitchers, while 7 patients (8%) played catcher and 6 (7%) played other positions. Three patients (3%) were tennis players. Both females in the cohort-ages 10 and 11 years-were pitchers playing in youth baseball leagues.
All patients had the chief complaint of shoulder pain with throwing (or racquet swinging). Additional complaints included shoulder weakness or fatigue in 9 patients (10%), mechanical symptoms-such as ''clicking'' in the shoulder-in 8 patients (8%), and mild instability in 1 patient (1%). No patients reported tingling, numbness, or other neurologic symptoms.
Twelve patients (13%) reported elbow pain concurrent with their primary shoulder pain. Six (6%) were formally diagnosed with medial epicondyle apophysitis, or ''Little League elbow,'' while 3 of the remaining 6 were diagnosed with valgus extension overload syndrome (1), a radiocapitellar compression injury (1), or olecranon apophysitis (1) . Three patients complained of elbow pain that was not ascribed a specific or named diagnosis in the record.
On physical examination, 70 patients (74%) demonstrated tenderness of the proximal humerus; 32 patients (34%) demonstrated decreased shoulder range of motion; and 10 patients (11%) demonstrated shoulder girdle weakness with manual muscle testing, when compared with the contralateral arm.
Twenty-eight patients (30%) were diagnosed with GIRD in association with their diagnosis of LLS. However, specific quantitative descriptions of the rotational range of motion of bilateral shoulders, arc of motion, or arc of motion deficit were adequately detailed in only 11 records (39% of GIRD patients, 12% of overall study population).
The contribution of radiographs and MRI to the diagnostic assessment of LLS in the study population is illustrated in Figure 5 . Radiographs were obtained in 89 patients (94% overall), with radiographic confirmation of the LLS diagnosis in 68 of these patients (76% of patients with radiographs, 72% overall). Ten patients with positive radiographs (11% of patients with radiographs, 13% overall) underwent additional MRI imaging, the findings of which also supported the diagnosis of LLS. Of the 21 patients who had no evidence of LLS on radiographs (24% of patients with radiographs, 22% overall), 5 patients (24% of patients with negative radiographs, 5% overall) underwent MRI, which confirmed the diagnosis in all 5 cases. The remaining 16 patients (76% of patients with negative radiographs, 17% overall) were diagnosed according to clinical and physical examination only. Additionally, LLS was diagnosed in 3 patients (3% overall) in whom MRI was used as the only form of imaging. Additionally, 3 other patients (3% overall) underwent no imaging studies but were given the diagnosis based on clinical presentation and physical examination findings only.
Treatment recommendations consisted of cessation of throwing in 94 patients (99%), with the physicianprescribed period of rest averaging 4.2 months. (The single patient for whom cessation of throwing was not recommended was described to have mild symptoms, despite the presence of GIRD and radiographic findings of LLS. Activity modification was recommended in the form of adherence to pitch count limits, and physical therapy was prescribed, which led to resolution within 2 months, with no recurrence during a 3-year follow-up period.) Seventyfive patients (79%) received formal physical therapy at some point as part of their treatment. All 28 patients diagnosed with GIRD (29%) were prescribed physical therapy, which included ''sleeper stretches'' 10, 11 or shoulder adduction stretching to address posterior soft tissue tightness. Twenty-five patients (26%) were recommended to pursue position changes as part of their treatment or recurrence prevention strategies. Two patients (2%) were provided a sling as part of their initial treatment.
Clinical follow-up was variable across the study population, with 64 patients (67%) followed through resolution of symptoms and 31 patients (33%) ''lost to follow-up'' before the recorded resolution of symptoms. In the subpopulation with adequate follow-up records, the mean time to achieve resolution of symptoms was 2.6 months, while the average time to return to competition was 4.2 months. Seven patients (7%) had recurrent LLS, with a mean time of 7.6 months (range, 2.4-18.6 months) between primary diagnosis and diagnosis of recurrence. Of the 7 patients with a recurrence, 4 (57%) were among the GIRD subpopulation. The odds ratio of recurrence between the group with previously diagnosed GIRD (14.3%) and that without previously diagnosed GIRD (4.5%) was approximately 3.6 (95% CI: 0.7-17.1), although this difference was not significant (P = .11). Other than recurrence, no patients were documented to have a complication or other sequelae of the condition, such as fracture, premature physeal closure, humeral length discrepancy, or angular deformity. When outcomes were analyzed between the subgroups of those with positive versus absent radiographic findings of LLS, there was no significant difference between them with regard to recurrence (P = .26), time to resolution of symptoms (P = .16), and time to return to play (P = .22). Similarly, when the subgroups of those patients who were (n = 81) and were not (n = 13) prescribed with physical therapy were analyzed, there were no significant differences in recurrence (P . .999), time to resolution of symptoms (P = .86), and time to return to play (P = .15).
DISCUSSION
LLS is occurring with increasing frequency, 36 a trend that is likely due to greater numbers of youth pitchers participating in competitive leagues and doing so at increasingly younger ages. Moreover, there may be an increase in the velocity of pitches thrown in youth baseball, as compared with previous decades, as well as greater intensity in training sessions, which can include year-round participation, participation on multiple teams in a given season, the influence of professional pitching coaches, and more nonleague tournament and ''showcase'' events. 19 While not specifically investigating the diagnosis of LLS, a prospective observational study demonstrated that over the course of a single baseball season, an alarming 35% of a cohort of skeletally immature pitchers experienced shoulder pain, which was present in .9% of pitching appearances. 32 After LLS was first described 16 in 1953, relatively few subsequent studies on it appeared in the literature until the last decade or so, during which time a large number of LLS reports have appeared, which suggests an increasing incidence or recognition of LLS. Despite this, most are in the form of case reports, 5, 7, 18, 37, 42, 44 very small case series, 20, 35 and reviews, 36 with a substantial percentage appearing in the radiology literature and with few collective series deepening our understanding of the clinical features of the condition or its treatment. The current study demonstrated increasing numbers of cases over the course of the study period, with each of the five 3-year intervals demonstrating greater numbers of diagnosed cases than the previous one, which speaks to the pressing need for improved evidence in response to the evolving epidemiology of the condition. For example, the most instructive previous study to date on the condition investigated only 23 patients. 13 However, the authors described all patients as being able to return to throwing after 3 months of rest, an important finding that largely contributed to the existing standard approach to treatment.
The demographic features of the current study population, which consisted of 97% baseball players, are consistent with previous reports. 13, 20, 35 However, while baseball players are by far the most common type of athletes affected by this condition, other sports have been cited in association with LLS. For example, J. E. Adams, 1 in his original description of 5 affected baseball pitchers, also contended that competitive swimmers may develop the condition in the same manner as baseball throwers. Youth football quarterbacks and cricket players have also been identified as groups at risk. 18 Interestingly, in the current study, no athletes primarily playing football or swimming were identified with LLS, despite both sports being popular in the geographic study region. Notably, 3 tennis players were identified in our series, which, although the condition was previously reported in a pediatric tennis player, 35 may represent a underappreciated pediatric analogy to previous adult reports, such as those by Kibler [23] [24] [25] 27, 28, 43, 49 and Walch, 30, 41, 45, [50] [51] [52] who have elucidated a similar pathophysiology between adult tennis players and baseball players who develop overuse pathologic conditions of the shoulder, such as internal impingement and its related conditions.
Both the mean age of the study population and the most common age affected were 13 years. This is slightly different from the finding of previous studies, which suggested the average and most common age to be 14 years. 13, 20 The reasons for this subtle difference are unclear but may relate to previous authors treating populations that were older, on average, than the population drawn to the study institution, which is a pediatric referral center. In addition, in the study region, 13 years is the most common age at which players move out of Little League and to a larger diamond, which requires a longer distance for pitches to cross home plate. Moreover, the 2 females in the current series were younger than the mean age, thereby decreasing the mean age, as compared with other exclusively male series in the literature. 13, 20 This is not surprising, however, given the different skeletal maturation profiles of females, whose proximal humeral physes at age 11 years are likely more similar to those of a 13year-old male than a male of the same chronologic age.
Concomitant elbow pain was seen in up to 13% of the study population-in most cases, with elbow diagnoses of throwing-related conditions, such as medial epicondylitis and olecranon apophysitis. Impressively, this suggests that some young pitchers are throwing with such excessive forces and/or frequency or with such poor throwing mechanics that 2 of their upper extremity joints are developing overuse injuries. When Lyman et al 32 studied 476 pitchers aged 9 to 14 years, they found a slightly higher rate of reported shoulder pain than elbow pain through the course of the season but did not present separate analysis of players with pain in both locations. Because the medial epicondylar and olecranon apophyses ossify before the proximal humeral physis, 38 we anticipated the subpopulation with concurrent elbow pain to be slightly younger than the overall population. However, this was not borne out by the analysis. The findings of both the current study and Lyman et al speak to the need for improved evaluation of both joints in all youth pitchers, both in the clinical setting and from a research perspective.
Almost one-third of LLS patients in the current series demonstrated GIRD, and the odds of recurrence in this subgroup were 3.6 times greater than those without GIRD, although this difference was not significant. Owing to the retrospective nature of the study, the presence of GIRD in this population may actually be underestimated, as not all records documented measurements of the rotational range of motion or attention to this potential phenomenon. Most GIRD cases in which actual bilateral rotational range of motion values were described in the medical record reported values of increased external rotation on the dominant, affected arm, compared with the contralateral, nondominant shoulder, which is consistent with the known adaptive changes of the young throwing shoulder. 6, 14, 33 However, the overall completeness of reporting in the records was insufficient to allow for analyses of the mean values of external and internal rotation based on age or mean decreases in the arc of motion. Despite this limitation, agreement on a common, well-established definition of GIRD-which included a decrease in the arc of motion of the affected shoulder relative to the contralateral shoulder (and not simply a difference in the external or internal range of motion alone)-was confirmed among those clinicians reporting the condition. While the current study was not designed to establish causality between this potential risk factor and the development of LLS, it is likely that an underlying biomechanical risk factor for internal impingement and its associated shoulder injury in adult throwers would also contribute to excessive or pathologic forces through the young thrower's shoulder. The study findings were also consistent with previous studies demonstrating rotational motion differences or deficits in asymptomatic youth pitchers and those with shoulder pathologic conditions, 33, 34 including LLS. Importantly, there is a growing understanding that humeral retroversion in youth throwers or tennis players may actually be a developmental or adaptive phenomenon related to throwing activity through the years of physeal development. 14, 24, 39 However, the current study does not explore whether the rotational motion differences in the GIRD subpopulation related to bony or soft tissue differences, and no cases of formal radiologic workup into the presence humeral retroversion were identified. We believe that more directed prospective investigation of this phenomenon in affected LLS populations, rather than asymptomatic throwers, is warranted.
The greatest limitation of the current study is its retrospective nature and the recording bias inherent in medical record review, which necessarily relies on the quality and detail of clinic-based evaluations and documentation. For example, the relative rates of symptoms such as fatigue, mechanical symptoms, and elbow pain in the study population may be underestimated, given that all patients may not have been asked about such symptoms. Moreover, the relative incidence rate of cases recorded over time at our hospital may not accurately reflect those of the population at large, despite being compared with the annual growth of all departmental/divisional clinic visits at the study institution. For example, if Little League coaches became more aware of the hospital during the period, the apparent incidence might seem to rise erroneously. The short follow-up in a substantial percentage of the study population who had not achieved documented symptom represents an additional limitation. Also, while the study methodology allows for the inclusion of cases without confirmed or definitive radiographic findings (thereby risking a potential overestimate of LLS cases), it was thought that including only cases with clearly documented unequivocal radiographic findings would conversely lead to the excessive exclusion of cases and a likely underestimate of LLS cases. In the collective experience of the senior authors, there are certainly cases in which the diagnosis is accurately or appropriately applied without radiographic substantiation, particularly in younger patients or in earlier stages of the condition, when other causes of shoulder pain have been excluded and when radiographically occult epiphysiolysis has likely begun. Moreover, even in a scenario of consistently obtained radiographs, the classic radiographic findings of physeal widening and/or periphyseal demineralization can be quite subtle and subject to interpretation and other forms of bias. Notably, positive LLS findings were identified in a subset of patients in whom MRI was primarily obtained in lieu of radiographs, as well as a subset of patients with negative radiographs but a compelling clinical presentation for LLS. Therefore, we believe that appropriately synthesized clinical history and physical examination features can be diagnostic of LLS despite negative plain films, and MRI can help confirm diagnosis when clinical suspicion is high and radiographs are negative or unavailable. This approach is well described in the diagnosis of other age-based phenomena of the growing athlete, such as tibial tubercle apophysitis (Osgood-Schlatter disease) and calcaneal apophysitis (Sever's disease).
Another similar study limitation is that the subanalysis of cases with diagnosed GIRD syndrome relied upon clinicians' clinical acumen related to that particular diagnosis. While GIRD has now been firmly established as a risk factor for internal impingement and other forms of pathologic conditions in the adult throwing shoulder, 9, 21, 26, 29, 53 the understanding and appreciation of its role has been in evolution over the last decade or so. Because the cases in the current study represent diagnoses made by .20 clinicians with varying degrees of pediatric orthopaedic and sports medicine training, familiarity with the intricacies of the pathophysiology and diagnosis of GIRD was likely quite variable and even lacking in some instances. Therefore, while not specifically studied through the methodology of this investigation, we suspect that GIRD may have been underreported and may have an even greater role as a risk factor in youth throwing shoulder pathologic conditions.
In conclusion, LLS is occurring with greater frequency in young throwing and overhead athletes. As GIRD and symptom recurrence may occur in patients with LLS more than previously believed, consideration should be given toward close monitoring of patients for at least 1 year after initiation of treatment of LLS to ensure resolution of risk factors and prevention of recurrence. Current guidelines regarding pitch counts, rest, and activity modification in the setting of shoulder/arm pain should continue to be emphasized. Further investigation is needed to ascertain the long-term consequences of these overuse injuries in young overhead athletes.
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